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Low chamfer angled torque tube end fitting 



(57) A method of forming, a torque tube (64) is pro- 
vided. The method Includes forming a fitting (60) having 
an e ongated tubo conforming area (88). The conform- 
ing ajroa (BB) Includes chamfer areas (82) having upper 
surfaces (90). lower surfaces (92), and chamfer surfac- 
es (04) mat transition between th© upper surfaces (90) 



end the lower surfaces (92) and have charmer angles 
(96) of approximately 20* relative to the lower surfaces 
(92). An elengatedtube (63) is procured and an and por- 
tion (106) of the clongeted lube (86) is formed onto the 
conforming area (88) to form a torque-transmitting cou- 
pling (84). The torque tube (64) Is also provided and 
formed according to the above-siated method. 
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[0001] The present invention relates QGnorally to ve- 
hicle systems* an more particularly, to a torque tube and 
a me hod of manufacturing the torque tube. 

BACKGROUND OF THE INVENTION 

[0002] Torque tubas are typically used for mechani- 
cally transmitting torque from power drive unit to a ro- 
tating device that provides translation motion. For ex- 
ample, a torque lube la commonly used In a ground- 
based vehicle to transfer torque from an engine to a from 
or re jr axle, which In lum rotated wheals of the vehicle 
providing propulsion. Another example Is in an aircraft 
whereby a torque tube may be utilized for transmitting 
torque between a power drive unit and a ballacrow. 
whicri isprovldlngertherhorlzonrai orvortteaj translation 
of etijfoll surface adjusting devices such as flaps and 

[0003] Many applications of torque tubes, including 
(he above mentioned, require Ihei the torque tubs bo 
lightweight, inexpensive, have high fatigue strength, 
and an ultimate yield strength at an and fining equal to 
or exceeding that of the tube Itself, Thus, torque tubes 
lor aircraft are formed irom 2024 aluminum due to Us 
in here nl lightweight and strength characteristics over 
that of steel. 

[0004] A typical torque tube has an elongated tube 
section, which is conformed over a fitting. The fitting has 
murine chamfered surfaces between a pair of upper flat 
surfaces and multiple lower flat surfaces with chamfer 
angles that are approximately 45* relative to the lower 
surfaces. The upper surfaces transition to the chamfer 
surfaces at relatively sharp cnemfer edges. The fitting 
also lias multiple overflow groves thai transition be- 
tween recessed areas and the lower flat surfaces, via 
groove edges. 

[0005] The chamfer edge* and the gioove edgon 
causa notches to be formed in the elongated tube, when 
being conrormed over the fitting. Thinning occurs In the 
elongated tube near the notches and can cause fatigue 
cracking over time, Cracking, as known in the an, re* 
duces fatigue life of a component and Is therefore un- 
desirable. 

Elongated tubes are normally procured having 
temper condition. The elongated tubes are treated 
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with a chemical film such as alodlne to ctfeai e a corrosive so 
inhlb ting surface coating. The elongated tubes are heat 
treated for an extended period of lime In a furnace such 
that the elongated tubes are of a solid solution or In a W 
lempared condition. A disadvantage with heat treating 
the e longated tubes is that the corrosive Inhibiting sur- ss 
face coating ts negatively affected during the heal treat- 
ment The elongated tubes are placed In a freezer, to 
melnjaln the W condition and prevent aging or the rubes. 



up until electromagnetic forming over the end fittings. 
[0007] During forming of the elongated tubes, tube 
walls are significantly thinned. Duo to stretching and 
thinning of the tube walls, the tubes are weakened and 
are susceptible to cracking unoer fatigue, Thinning can 
be difficult to detect by ordinary Inspection procedures 
wltnout destructive testing. 

[0000] Upon completion of forming the elongated 
tubas, depending upon length of the tubes, the tubes 
are hand straightened. The elongated tubes are then 
naturally aged to a T-42 temper until a significant 
amount of tubes are ready for artificial aging, due to 
costs of operating a furnace as to perform artificial ag- 
ing. The elongated tubes are artificially aged In a furnace 
to again alter temper of the tubes from having a 
temper lo having aT-62 temper, which Is of strength suit- 
able for application use. 

[0009] The above-mentioned process of manufacture 
ing a torque tube is lima consuming and costly due the 
amount of stops within the process and the require- 
ments tor each step. 

[0010] It is therefore desirable to provide a method 
of manufacturing a torque tube that provides a more du- 
rable chamfer portions with Increased fatigue life, mini- 
mizes warping of the elongated tubes, and has de- 
creased production cycle times and manufacturing 
costs, it is also desirable that the manufacturing method 
provides a torque tube having an elongated tube with at 
least the same temper of current elongated lubes. 

SUMMARY OF THE INVENTION 

[0011] Tho present invention provides a torque tube 
and a method of manufacturing the torquG tuba. A meth- 
od of forming a torque tuba ts provided. The method in- 
cludes forming a fitting having an elongated lube con- 
forming area. The conforming area Includes chamfer ar- 
eas having upper surfaces, lower surf aces, and chamfer 
surfaces that transition between tho uppor surfaces and 
the lower surfaces and has chamfer angles of approxi- 
mately 20° rotative to the lower surfaces. An elongated 
tube is procured and an end portion of me elongated 
tube Is formed onto the conforming area to form a 
torque- transmitting coupling. The torque tube is also 
provided and formed according to the ebove-etated 
method. 

[0012] The present invention has several advantage© 
over existing torque tube manufacturing methods. One 
advantage of the present Invention Is that It provides a 
torque lube with increased strength and less suscepti- 
bility to cracking in a chamfer area, thus providing a 
torque tube with Increased fatigue life. 
[0013] Another advantage of the present invention is 
that ft provides a manufacturing method thai contains a 
decreased amount of manufacturing steps by eliminat- 
ing a need for heaureailno,, subsequent chilling of, hand 
straightening of, and minimizing natural aging time at 
the elongated tube. The present Invention by reducing 
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amount of manufacturing steps not only decrease* 
disadvantages associated with the eliminate 

steps. 

The present invention itself, together with fun 
Objects and attendant advantages, will be best un- 
tood by reference to the following detailed descrfp> 
taken in conjunction with me accompanying draw- 
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BRI EF DESCRIPTION OF THE DRAWINGS 

[001 5] Figure 1 1s a perspective view of an end fitting 
of a traditional torque lube; 

[001 BJ Figure Z Is a cross-sectional close-up view of 
chamfer areas and groove areas of a traditional torque 
tube* M 

[001 J] Figure 3 Is a logic flow diagram Illustrating a 
conventional -W" forming torque tube manufacturing 
process: 

[0018] Flgure4 Is aperspectrve viewof a Iraillng edge 
flap control system for an aircraft having a torque tubs 
In a&pordanee with an embodiment of the present Inven- 
tion; j 

[001 0] Figure 5 Is a perspective View of a fining of the 
torqufe tube of Figure 4 in accordance with an embodl- 
menl|or the prasem Invention; 
[0020) Figure 6 is a cross-sectional close-up view of 
a chapter area of the torque tube of Figure 4 In accord- 
ance with an embodiment of the present invention; 
[0021|J Flguro 7 Is a logic flow diagram Illustrating a 
method of manufacturing the torque tube of Figure 4 in 
accordance with an embodiment of tho present Inven- 
tion; and 

[0022J Figure 5 la a plot of reduction In tube wall thick- 
ness versus fitting chamfer angle in accordance with an 
embodlmeni of the present invention, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023J Referring now to prior art Figures 1 and 2, a 
perspective view or an end fitting 10 and a cross-sec- 
Lional close-up viewof chamfer areas 12 and groove ar- 
eas 13 of a traditional torque tube 14 are shown. The 
terquokube 14 has an elongated cylindrical tube 1 6 hav- 
ing a Uibe wall 17 and a longitudinal axis ia extending 
through a center of and along length of the tube 1 6. An 
ond 20|or the elongated tube 16 is coaxieily formed and 
fixed opto the fining 10- Only one end 20 of the etengai- 
ed tube 1 6 is shown, typically, a second end of the elon- 
Qeled tube Is formed and fixed to a second fitting, similar 
to fitting 1 0. 

[0024] j The f tang 1 0 has multiple chamfered surfaces 
22 f between a pair of upper flat surfaces 24 and multiple « 
lower fiat surfaoea 26, with chamfer angles 28 thai are 
approxlfnately 45° relative to the lowersurfaces26.The 
upper surfaces 24 transition lo the chamfer surfaces 22 
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at a relatively sharp chamfer edges 30, The chamfer 
edges 30 correspond wllh upper notches 32 that is 
formed In a chamfer portion 34 of the elongated lube IS 
that 1$ formed over the chamfer edges 30. 
[0025) The fitting 1 0 also has multiple overflow groves 
35 that transition between recessed areas $6 and the 
lower flat surfaces 26. Lower notches 37, similar to up- 
per notches 32 are formed in groove portions 3a of the 
elongated tube 18 over groove edges 39, 
[0026] Thinning occurs in the chamfer portion 34 and 
the groove portion 3d near the notches 32 and 37 as 
shown and can cause fatigue cracking over time as in- 
dicated by reference number 36. Thinning occurs due 
to a combination of compression stress with additional 
bending against chamfer edge 30 and groove edge 90, 
which causes high stress concentrations In the portions 
34 and 38, respectrvely, reducing fatigue life. Cracking, 
as known in tho an, roduoos fatigue life of a component 
and is therefore undesirable. Thinning occurs due to 
bonding and stretching experienced by the elongated 
lube 16 during forming of the tube 1 6 onto the fitting 10 
cfuring manufacturing of theiorque tube 14, which is de- 
scribed in more detail below. 

[0027] Referring now to prior art Figure 3, a logic flow 
diagram illustrating a conventional "W" forming torque 
tube manufacturing process Is shown. Elongated tubes 
are normally procured having a T-3 temper condition 
and are of various sizes, es generally Indicated by slop 
40. The elongated tubes are troared with a chemical Him 
such as slodlne lo create a corrosive Inhibiting surface 
coating, as generally Indicated by step 42, 
[0028] In step 44, the elongated tubes ore heat treat- 
od Tor an extended period of lime m a furnace such that 
the elongated tubes are of a solid solution or in a W Tem- 
pered condition. Aluminum material of the elongated 
tubes.when In the WcondiHon is of a lower strength rem- 
por than that of aluminum rnareriai in tho T-3 condition. 
The elongated lubes are more malleable in the W con- 
dltion than when In the condition, allowing the tubes 
to be formed over edges to a grealer degree with less 
forming stress. A disadvantage with heat ireatlng the 
elongated lubes is thai the corrosive inhibiting surface 
coating lo negatively affected during the heat treatment. 
[0023] In step 46. the elongated tubes are placed in 
a freorerto maintain the w condition and prevent aging 
of the tubes up uniii forming of the tubes. " 
[0030] In step 48. the elongated tubes are termed 
over the end fittings. The portions of the end fittings ere 
inserted into ends of the elongated tube and then eloc- 
tromagnebcaliy formed overthe Inserted portions of the 
fittings to conform the tube onto rha end fittings, Elec- 
tromagnetic forming is used since it Is an efficient, high 
volume, precisely rapeatable production process. Dur- 
ing electromagnetic forming the ends of the elongated 
tubes are compressed via an electromagnetic pulse or 
Impact from a magnetic coil. Chamfer portions of the 
elongated tubes are under tension and stretched over 
the sharp chamfer edges in the finings forming the 
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notches. During forming of the elongated tubes, thick- 
ness of the tube walls Is significantly thinned in the 
chamfer portions, Due to the stretching of the material 
and thinning of the walls In the chamfer portions* the 
lubes ere weakened and are susceptible to cracking un^ 
der fatigue therein. Thinning can be difficult to detect by 
ordinary inspection procedure* without destructive test- 
ing. 

[0031] in step 50, depending upon length ofan elon- 
gated tube, the elongated tube Is hand straightened, 
During heat treatment the elongated lubee that are long- 
er In length tend to warp or disfigure such thai straight- 
ening is required before use. 
[0032] In slep 52, the elongated tubes are naturaily 
aged to a T-42 temper until a significant amount of tubes 
are ready for artificial aging, due to costs of operating a 
furnaca as to perform artificial aging. 
(0033] In step 64, the alongaied tubes are artificially 
aged in a furnace to again alter temper of the lubes from 
having a T-42 temper to having e T-B2 temper, which is 
of a strength suitable for application use. 
[0034] The above-mentioned precast of manufactur- 
ing a torque tube is time consuming and costly due the 
amount of stops within tha process and the require- 
ments lor each step. 

[003S] In each of the following figures, the same ref- 
erence numerals are used to refer to the same compo- 
nents. While the present invention Is described with re- 
spect to a torque lube of an aircraft end a method of 
manufacturing the torque tube, the present Invention 
may be adapted for various applications including 
ground- based vehicles, aeronautical vehicles, water- 
craft, luselega torque lubes, door torque tubes, landing 
ey stems, and other applications known in the art that 
require the use of torque tubes. 
[0036] In the following description, various operating 
parameters and components ere described (or one con- 
structed embodiment. These specific parameters and 
components ere Included as examples and are not 
meant to be limiting, 

[0037] Referring now to Figure 4, a perspective view 
of a trailing edge flap control system SO for an aircraft 
62 having a torque lube 64 In accordance with an em- 
bodiment of the present invention is shown. The system 
60 Includes a power drive unit 66 that is mechanically 
coupled to and rotates the torque tube 64 via multiple 
angled gearboxes 70. The torque tube 64 is mochani- 
caily coupled to multiple flap transmissions 72, which 
transfer rotation aJ energy from the torque tube 64 to mul- 
tiple ball screws and gimbals 74 that translate a flap 76. 
The above-described system is an example or an appli- 
cation for the torque tube 64 of the present Invention; 
the torque tube 64 may be applied in various other ap- 
plications as indicated above. Also, the torque tube 64 
may be of various size, shape, type, and style as known 
In the an. 

[0038] Referring now to Figures 5 and 6, a perspec- 
tive view of e fitting 60 end a cross -sectional close-up 



view of chamler areas 62 of the torque tube 64 In ac- 
cordance with an embodiment of the present invention 
are shown, The torque tube 64 Includes one or more 
torque transmitting couplings B4. Each torque-transmit- 
s ting coupling has en elongated tube 66 that is formed 
onto at least one fitting, such as fitting 60. 
[0039] The fitting 60 includes an elongated tube con- 
forming area 66 having a pair of upper surfaces 90 and 
lower surfaces 92, therebetween, The chamfer surfaces 
r<> 94 and the lower surfaces 92 transition to overflow 
groove areas 93 over groove edges 95. Chamfer sur- 
faces 94 provide transition between the upper surfaces 
90 and the lower surfaces 92. Each upper surface 90 
separately and In combination with, the lower surfaces 
92, and a corresponding chamfer surface 94 forms the 
chamfer areas 62. The chamfer surfaces 94 are at 
chamfer angles 96 of approximately 20* relative to the 
lower surface 92. Note that the finings of tho pros cm 
invention do not include a lower flat portion as that of 
w the prior an, due to the chamfer angles 96. Chamfer 
arced surfaces 96 exists between the chamfer surfaces 
94 and the upper surfaces 90, having a significantly 
sized radius 100 thai provides a smooth transition ther- 
ebetween, The fitting fio, although being preferably 
25 formed of stainless steel so as to withstand forming of 
the elongated fube onto tho fittings without deformation, 
may be formed of other materials Known In the art, 
[0040] The elongated lube 86 has a tube wall 1 02 trial 
is cylindrical^ shaped having a thickness 103 thai may 
so be a single continuous thickness or may be a varying 
thickness along a centertine 1 04 of the tu pa Bfi. The tube 
wall 102 has chamfer portions 105 that correspond to 
chamfer areas 82. The elongaied tube B6 is preferably 
formed from 2024 aluminum for inherent lightweight and 
m etrengtn characteristics of the aluminum, Of course, oth- 
er materials 'known in the art may be utilized including, 
sleoi, copper, brass, or a nickel alloy. 
[0041] Referring now also lo Figure 7, a logic flow di- 
agram Illustrating a method of manufacturing a torque 
*o tube In accordance with an embodiment of the present 
invention Is shown. 

[0042] In step 110. the fitting 60 Is formed as de- 
scribed above lo have tho chamfer angles 86 of approx- 
imately 20° and the chamfer arced surfaces 9B having 
43 radii 1 00 botweon the chamfer surfaces 94 and the up- 
per surfaces 60. The chamfer angles of approximately 
20" and thai chamfer aroed surfaces 96 minimize thin- 
ning and stressing of the elongated tube 66 during form- 
ing of the tube 66 onto the fitting 60, which is described 
40 in more detail below. 

[0043] in Step 112, the elongaied tube 66 is procured 
having preferably aT-6 temper for the application of Fig- 
ure 4, Industry standard processes are utilized to ex- 
trude, handle, draw, end treat The elongated tube 66. 
The elongated tube 66 is formed such that there is no 
seem in the tube wall 1 02, 

[0044] in step 114. the elongated tube 66 is corrosive 
Inhibit treated by applying a chemical coating or first lay- 



25 



00 



33 



40 



43 



30 



1 1/15/2007 THU 11:54 [TX/RX NO 7354] @ 0 11 



11/15/2007 11:47 FAX 2126810300 



OCF&B 



0012/027 



EP 1 402 969 A2 



er such as alodine to the tub© walls 1 02 to form a first 
corrosive Inhibiting layer 1 07, using mathods Known In 
the art A second corrosive Inhibiting layer 1QB may also 
be applied, such as paint or other elmilarmaterlel known 
in tho art. lo further aid rn prevention or oorrosion, In one s 
embodiment of the present Invention the second layer 
is applied to an Interior surface 1 09 ol the tube walls 1 02, 
10045] In step 116, an end portion 108 of the elongat- 
ed tube 86 is formed onto the elongate tube conforming 
area 68 to form a lorque-lranamiiting coupling 84. The 10 
elongated tube 86 is formed onto the fitting 80 without 
creating notches in the tube wall 1 02, unlike thai ol prior 
art torque tube manufacturing methods. Although, it is 
preferred thai the elongated tube Bfl be elect romagnel- 
IcaJiy formed onto the fitting 60, other forming tech- ta 
nlques may be used to exert pressure on the lube wall 
1 02 zo deform it around the fitting B0 Including swaging, 
hydroforming, rubber press forming, or explosive form- 
ing. Amount or stretching and stress experienced, dur- 
ing forming of the lube 86, is minMzod due to the fitting 2o 
80 having the chamfer angles 86 of approximately 20" 
and the chamfer arced surfaces 98, thereby also mini- 
muring amount of thinning of the tube wall 1 02 over the 
chamfer areas B2. m one embodiment of the present 
invention, upon completion of forming the elongated 2s 
tube 66 onto the fining 80 the thickness 103 of the tube 
wall 102 over the chamfer arced surfaces 98 Is approx- 
imately 0,0795 inches as compared lo that of the prloi 
an, which Is approximately 0.071 6 inches ihlck over the 
chamfer edges, thus a significant minimization in thm- ao 
nlng from an original lube wall thickness of 0,0631 Inch- 
es exists utilizing the present invention. This difference 
In fhicknaas or tho tube wall 102 significantly improves 
fatigue l/fe in the chamfer portions 105. 
[0046] in step 1 1 a, the elongated tube 86 la artificially as 
aged in a furnace for a period of time, as known in the 
art. Upon completion of artificial aging, the aluminum 
material of the tube wall 102 is of a T-Bi temper, which 
has approximately equivalent mechanical properties to 
that of aluminum having a T-62 temper as elongated 4P 
tubes of the prior art. Thus, the present Invention elimi- . 
naiee the need to naturally age the elongated tube 
whereby aluminum material In a Wcondiiion is conven- 
ed to have a T-42 temper, which can then be converted 
to have a T-62 temper by artificial aging. The present 
Invention, through artificial aging, directly converts the 
elongated tube 86 having a T-3 temper to having a T-B2 
temper. 

£0047] Referring now lo Figure 8. a plot of reduction 
In tub* wail thickness versus filling chamfer angle In ec so 
cordenc* with an embodiment of the present invention 
Is shown. The thickness 703 In the chamfer portions 1 05 
isgenerally thinned c/uringforming of the elongated rube 
86 onto The fitting 80, due to stretching of the tube wait 
1 02. As chamfer angles 96 are decreased, the amount as 
or thinning of the tube wall T02 is Decreased, as Illus- 
trated by curve 120. Unfortunately, ability to decrease 
the chamfer angles 98 Is limited by strength of the cou- 



pling 84 between the elongated tube bg and me fitting 
80. The smaller the chamfer angles 96 the less force is 
needed to cue I ally pull out tho fitting 80 from the elongat- 
ed tube 86. Also, for every smaJter Increment in chamfer 
angles 96 there is smaller difference In thickness of the 
formed tube wail 102. For example, when the chamfer 
angles 96 are decreased from 46° to 40*, the difference 
In thickness 103 Is approximately 2%, unlike when the 
chamfer angles 96 are decreased from 25 g to 20° , the 
difference In thickness 1 03 Is approximately 0.8%.' 
[0046] As known in the art, it Is desired that the torque- 
iransmrttlng coupling 84 be stronger than thaT of the 
elongated tube 86 Itself and be able to withstand fatigue 
loading for a period exceeding approximately four Umes 
e service life of the aircraft 62. The greater strength of 
the lorque-iransmlttlng coupling 84 over that of the elon- 
gated tube 86 better assures that a failure In the coupling 
84 docs not occur during loading. Thus, In order to have 
a torque transmitting coupling 84 that has the desirod 
strength and is formed so as to minimi* e cracking In the 
chamfer portions 105, chamfer angles 96 of approxf^ 
matoly 20" are utilized. 

(0049] The above-described steps are meant to be an 
Illustrative example, the steps may be performed syn* 
chronously, continuously, or in a different order depend- 
ing upon the application. 

[0050] The praeenl Invention provides a torque tube 
manufacturing meihod that eliminates forming of cham- 
fer and groove notches within an elongated tube of a 
torque tube as formed In prior torque tube manufactur- 
ing methods. The present Invention also forms a torque 
tube wiih a minimum amount of thinning and stress in 
onamtor portions during forming of elongated tubes onto 
fittings and during loading of the elongated tubes, By 
minimizing crack Initiation and growth within tube walle, 
fatigue life is increased, Thepresenl invention also elim- 
Inaies the need for heal treatment and chilling of the T- 
3 tempered elongated tubes before forming, which re* 
duces manufacturing time between procurement of the 
elongated tubes to forming of the elongated lubes by 
approximately S0%. The presort Invention by eliminat- 
ing a need for several manufacturing steps reduces 
amount of production equipment needed to produce e 
torque tube. Thus, the present invention reduces costs 
involved in the manufacturing of torque tubes. 
[00S1 1 The above-described apparatus and method, 
to one skilled In the art, Is capable of being adapted for 
various applications and systems known in the art. The 
above-described invention can also be varied without 
deviating from the true scope of the invention. 

Claim* 

1. A meihod of forming torque transmitting coupling 
comprising: 

forming at least one fitting having an elongated 
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lube conforming area comprising forming at 
least one chamfer area having an upper sur- 
face, a lower surf am, and a chamfer surface 
that transitions between said upper surface and 
said lower surface and has a chamfer angle of * 
approximately 20° relative lo said lower sur- 
face; 

procuring an elongated tube; and forming an 
end portion of seid elongated tube onio said 
elongated tube conforming area to form the >0 
torque-transmitting coupling. 

2. A method as In claim 1 wherein forming at least one 
fining comprises forming an arced surface between 
said chamfer surface and said upper surface that 
has a significantly steed radius. 

3, A method of forming a torque tube comprising: 

forming af least one fitting having an elongated 
tube fusing area comprising forming at least 
one chamfer area having an upper surface, a 
lower surface, and a chamfer surface thai tran- 
sitions between said upper surface and said 
lower surface and has a chamfer angle of ap* 
proximately 20° relative \o said lower surface; 
procuring an elongated tube; and 
rormlng an ond portion or said elongated tube 
onto said elongated lube conforming area to 
form a torque-transmittlng coupling, & 



at loasi one lower surface; and 

at least one chamfer surface forming at 

least one chamfer area with said at least 

one upper surface and said at teaet one 

lower surface and having a chamfer angle 

of approximately 20° relative to said at 

feast one lower surface; and 

an elongated tube having at least one end 

portion formed onto said elongated tube 

fusing area, 

11. A torque tuoe as in claim 10 further comprising an 
arced suijface between said at least one chamfer 
surface and said at least one upper surface thai has 
a significantly sized radius. 

12. A torque tube as in claim 10 or 11 wherein said at 
loast one ond portion of said elongated tube Is doc- 
tromagnetlcally formed onto said at least one fitting. 

13. Arorquenibeaslnanyofdaims 10-12 wherein said 
elongated lube has at least one corrosive Inhibiting 
layer. 

14. A torque tube as In any of claims 10-13 whareln said 
at least one corrosive inhibiting layer comprises an 
alodine layer and a paJnt layer. 

16. A torque tube as in any of claims 1 0-1 4 whoroln said 
elongated tube is aged to have a T-ei temper. 



7. 



A method as In claim 1 . 2 or 3 further comprising 
corrosive Inhibit treating said elongated tube. 

A method as In any of claims 1 -4 wherein corrosive 
inhibit treating said elongated tube comprising ap- 
plying an alodlno film to said elongated tubo. 

A method as in any of claims 1-6 wherein forming 
an end portion of said elongated tube comprises 
electromagneucelly rormlng said ond portion of said 
elongated tube over sard at least one fitting. 

A method as in any of dalms 1*6 further comprising 
artificially aging said elongated tube. 
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A method as In any of clalmB 1*7 wherein aging said 
elongated tube is performed artificially. 

A torque tube formed according to the melhod of 
claim 8. 



so 



10. A torque tube comprising: 

at least one fitting having an elongated tube 
fusing area comprising: 

ei leasi one upper surface; 
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